Introduction
Vulvar cancer remains an uncommon disease comprising approximately 4% of gynecologic malignancies, with an estimated 6020 new vulvar cancer cases and 1150 vulvar cancer deaths predicted in the United States in 2017 [1] . Surgical resection remains the mainstay of vulvar cancer staging; however, the surgical management strategies have evolved with time. Historically a radical vulvectomy with en-bloc inguinofemoral lymphadenectomy was performed but with significant associated morbidity [2] . The triple incision technique demonstrated less morbidity with comparable survival outcomes and became the standard of care [3] . Sentinel lymph node biopsy, using similar techniques to melanoma and breast cancer surgical lymph node evaluation, is now acceptable and preferable in appropriate patients to decrease morbidity associated with inguinofemoral lymphadenectomy [4] .
Vulvar Cancer
Lymph node metastases are the most significant prognostic factor in vulvar squamous cell carcinoma (SCC) demonstrating the continued importance of regional lymph node evaluation at the time of surgical staging [5] . Survival directly correlates with lymph node positivity: patients with negative inguinal lymph nodes have a 5 year survival rate of 96%, compared to 80% in patients with up to two positive lymph nodes and 12% in those with greater than two positive lymph nodes [6] . Complications are seen in the majority of patients who undergo radical vulvectomy with en-bloc inguinofemoral lymphadenectomy. Early complications including wound infection, wound breakdown or necrosis occur in up to 85% of patients and late complications including lower extremity lymphedema occur in up to 70% of patients [7] .
The transition to a triple-incision technique in the 1980s was in effort to decrease morbidity associated with radical vulvectomy with enbloc inguinofemoral lymphadenectomy while preserving the survival rates associated with radical surgical excision. While complication rates decreased with this technique, they continued to be significant. Using separate incisions to perform a radical vulvectomy and inguinofemoral lymphadenectomy, wound complication rates of 17-40% are seen for wound breakdown, wound infection, and lymphocyst formation. The rate of lymphedema also remains significant with up to 30% of patients suffering from this late, and potentially permanent, complication. One review demonstrated that 76% of patients had at least one postoperative complication [8] . While imperative to appropriate treatment planning and staging, the degree of lymphadenectomy required during surgical evaluation has come under debate.
The likelihood of groin metastasis is low in early stage vulvar cancer patients, specifically 10-15% of patients with lesions <20 mm will have lymph node metastases [9, 10] . Unfortunately clinical examination of groin nodes is inaccurate, with a false negative rate up to 24%; proving the importance of continued lymph node sampling at the time of surgery [11] . Sentinel lymph node biopsy was introduced for vulvar cancer patients in order to evaluate groin lymph nodes while decreasing surgical morbidity, as the majority of patients with early stage vulvar cancer will have negative lymph nodes [5] .
Sentinel Lymph Node Biopsy
Initially described in penile cancer in the 1970s, sentinel lymph node biopsy has been used in other cancer types for decades in order to identify patients who may require additional lymph node dissection [12] . Sentinel lymph node biopsy became the standard of care in the treatment of melanoma and breast cancer in the 1990s [13, 14] . DiSaia et al. described sentinel nodes in vulvar cancer in the late 1970s, being inguinal nodes above the cribriform fascia. It was noted that if these superficial lymph nodes were free of metastatic disease, the risk of identifying positive deep groin or pelvic lymph nodes was low [15] . Levenback et al. [16] initially described the feasibility of performing sentinel lymph node biopsy in vulvar cancer in 1994 and since that time multiple additional studies have been conducted to confirm the feasibility of this technique [17] [18] [19] [20] [21] [22] .
Sentinel lymph node dissection uses the concepts that within a regional lymph node basin, there is a consistent and orderly pattern to lymphatic drainage and that the first lymph node(s) act as a filter for migrating tumor cells [23] . Therefore, if the sentinel lymph node(s) is negative, the remainder of the lymph nodes within that lymph node basin should be negative. Dissecting fewer lymph nodes for accurate evaluation of lymph nodes metastases is one of the greatest benefits of sentinel lymph node biopsy. Different techniques for performing sentinel lymph node biopsy have been studied including injection of radioactive tracer technetium-99 m sulfur colloid (Tc-99 m) and injection of blue dye. Pathologic assessment of sentinel lymph nodes should involve ultra-staging and staining with hematoxylin and eosin (H&E) [24] .
A meta-analysis performed by Hassanzade et al. [25] reviewed 49 studies that used blue dye, radiotracer, or both mapping methods and confirmed that sentinel lymph node dissection was an appropriate and accurate technique to surgically evaluate groin lymph nodes in the treatment of vulvar cancer. Pooled detection rates for sentinel lymph node per patient were 94.4% and per groin was 84.6%. Pooled sensitivity per patient and groin were each 92% with 8% false negative rates. The pooled negative predictive values were 97% per patient and 98% per groin. This meta-analysis identified that mapping method impacted the detection and sensitivity of sentinel lymph nodes and concluded that combining radiotracer and blue dye methods yields the highest detection rates and sensitivity. Midline tumors were found to have higher false negative results compared to lateral tumors; and those patients with palpable inguinal lymph nodes had lower sensitivity and detection rates [25] .
The GROningen INternational Study on Sentinel nodes in Vulvar cancer (GROINSS-V) included patients with unifocal vulvar cancer measuring less than 4cm and allowed those with negative sentinel lymph node to be followed, while those with positive sentinel lymph nodes then underwent inguinofemoral lymphadenopathy. The study design of GROINSS-V differed from prior studies in that many of previous studies performed sentinel lymph node biopsy followed by inguinofemoral lymphadenopathy to determine the negative predictive value of sentinel lymph node dissection [26] . This study demonstrated that patients with negative sentinel lymph nodes had low rates of groin recurrence, minimal morbidity from the sentinel lymph node procedure and excellent survival [27] .
The rate of groin recurrence following sentinel lymph node biopsy has been evaluated as groin recurrences are correlated with high mortality rates. The groin recurrence rate following superficial inguinofemoral lymphadenopathy has been reported at 5-7% [28] [29] [30] . The GROningen INternational Study of Sentinel nodes in Vulvar cancer (GROINSS-V-I) reported a groin recurrence rate of 2.9% [27] . Additional studies have confirmed low rates of groin recurrence following sentinel lymph node biopsy alone, including Robison et al. who reported a groin recurrence rate per patient of 5.2% following sentinel lymph node biopsy alone [31] [32] [33] [34] [35] . A population-based analysis performed by Rottman et al. reported that despite an increase in the use of sentinel lymph node biopsy over a 16 year period from 11.4% to 39.1%, there was no change in local recurrence (19%), lymph node recurrence (9%) or 5 year overall survival (55%) [36] . This data suggests that patients treated with sentinel lymph node biopsy alone will have similar risk of groin recurrence and no change in overall survival.
Postoperative complications were also lower with sentinel lymph node biopsy compared to inguinofemoral lymph node dissection, depicted in Figure 1 . In patients treated with sentinel lymph node biopsy alone, lymphedema has been reported between 2-9% and 7% of patients had wound complications including wound infection, lymphocyst or wound separation [27, 31] . Additionally, sentinel lymph node biopsy has been associated with an improvement in quality of life [36] .
Studies evaluating the cost effectiveness of sentinel lymph node biopsy for vulvar cancer have shown that compared to inguinofemoral lymphadenectomy, sentinel lymph node biopsy has decreased cost, in addition to being associated with decreased length of hospital stay [37] . Sentinel lymph node biopsy became an alternative standard of care procedure presented in the National Comprehensive Cancer Network vulvar cancer treatment guidelines [38] . It is currently recommended that sentinel lymph node biopsy be performed by a high-volume surgeon as some studies have suggested improved detection rates based on surgeon experience performing sentinel lymph node biopsy [26, 27] . The GROINSS-V-II study only allowed enrollment at centers experienced in sentinel lymph node biopsy and will help to answer the question regarding the appropriate management of positive sentinel lymph nodes. The management of positive sentinel lymph nodes is currently under debate, but may include adjuvant radiation with or without inguinofemoral lymphadenectomy. GROINSS-V-II is evaluating recurrence rates in patients with positive sentinel node metastasis <2 mm and treating these patients with radiation while omitting inguinofemoral lymphadenectomy [31, 39, 40] . The results of GROINSS-V-II will hopefully help to determine the best treatment course for these patients.
Conclusion
Numerous studies have demonstrated the benefit of sentinel lymph node biopsy in the surgical treatment of vulvar cancer. In centers with experienced surgeons, sentinel lymph node biopsy should be considered standard of care and an alternative to inguinofemoral lymphadenectomy in patients with negative clinical groin examination and unifocal tumor measuring <4 cm. To increase the sentinel lymph node detection rate and sensitivity, both radiocolloid and dye are recommended for mapping. If the primary tumor is 2 cm or greater from the midline, a unilateral sentinel lymph node biopsy is appropriate. For a primary tumor within 2 cm of the midline, a bilateral sentinel lymph node biopsy is recommended. In the event that a sentinel node is not identified, inguinofemoral lymphadenectomy is recommended [26, 38] . Sentinel lymph node biopsy is feasible, cost-effective and associated with decreased morbidity and wound complications; all while showing no negative impact on groin recurrence or survival.
